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Disclaimer

This report was prepared as an account of work sponsored by an
agency of the United States Government.  Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights.  Reference
herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise does not necessarily
constitute or imply its endorsement, recommendation, or favoring by
the United States Government or any agency thereof.  The views and
opinions of authors expressed herein do not necessarily state or reflect
those of the United States Government or any agency thereof.
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7KLV�UHSRUW�ZDV�SUHSDUHG�DV�DQ�DFFRXQW�RI�ZRUN�VSRQVRUHG�E\�DQ�DJHQF\�RI�WKH�8QLWHG�6WDWHV

*RYHUQPHQW��1HLWKHU�WKH�8QLWHG�6WDWHV�*RYHUQPHQW�QRU�DQ\�DJHQF\�WKHUHRI��QRU�DQ\�RI�WKHLU

HPSOR\HHV�� PDNHV� DQ\� ZDUUDQW\�� H[SUHVV� RU� LPSOLHG�� RU� DVVXPHV� DQ\� OHJDO� OLDELOLW\� RU

UHVSRQVLELOLW\�IRU�WKH�DFFXUDF\��FRPSOHWHQHVV��RU�XVHIXOQHVV�RI�DQ\�LQIRUPDWLRQ��DSSDUDWXV�

SURGXFW��RU�SURFHVV�GLVFORVHG��RU�UHSUHVHQWV�WKDW�LWV�XVH�ZRXOG�QRW�LQIULQJH�SULYDWHO\�RZQHG

ULJKWV��5HIHUHQFH�KHUHLQ�WR�DQ\�VSHFLILF�FRPPHUFLDO�SURGXFW��SURFHVV��RU�VHUYLFH�E\�WUDGH

QDPH��WUDGHPDUN��PDQXIDFWXUHU��RU�RWKHUZLVH�GRHV�QRW�QHFHVVDULO\�FRQVWLWXWH�RU�LPSO\�LWV

HQGRUVHPHQW��UHFRPPHQGDWLRQ��RU�IDYRULQJ�E\�WKH�8QLWHG�6WDWHV�*RYHUQPHQW�RU�DQ\�DJHQF\

WKHUHRI��7KH�YLHZV�DQG�RSLQLRQV�RI�DXWKRUV�H[SUHVVHG�KHUHLQ�GR�QRW�QHFHVVDULO\�VWDWH�RU

UHIOHFW�WKRVH�RI�WKH�8QLWHG�6WDWHV�*RYHUQPHQW�RU�DQ\�DJHQF\�WKHUHRI�

2%-(&7,9(

7KH� RYHUDOO� REMHFWLYH� RI� WKLV� SURMHFW� LV� WR� GHPRQVWUDWH� WKDW� D� GHYHORSPHQW

SURJUDP¥EDVHG�RQ�DGYDQFHG�UHVHUYRLU�PDQDJHPHQW�PHWKRGV¥FDQ�VLJQLILFDQWO\�LPSURYH

RLO� UHFRYHU\�� 7KH� SODQ� LQFOXGHV� GHYHORSLQJ� D� FRQWURO� DUHD� XVLQJ� VWDQGDUG� UHVHUYRLU

PDQDJHPHQW�WHFKQLTXHV�DQG�FRPSDULQJ�LWV�SHUIRUPDQFH�WR�DQ�DUHD�GHYHORSHG�XVLQJ�DGYDQFHG

UHVHUYRLU�PDQDJHPHQW�PHWKRGV���6SHFLILF�JRDOV�DUH������WR�GHPRQVWUDWH�WKDW�DQ�DGYDQFHG

GHYHORSPHQW� GULOOLQJ� DQG� SUHVVXUH� PDLQWHQDQFH� SURJUDP� FDQ� VLJQLILFDQWO\� LPSURYH� RLO

UHFRYHU\�FRPSDUHG�WR�H[LVWLQJ�WHFKQRORJ\�DSSOLFDWLRQV�DQG�����WR�WUDQVIHU�WKHVH�DGYDQFHG

PHWKRGRORJLHV�WR�RLO�DQG�JDV�SURGXFHUV�LQ�WKH�3HUPLDQ�%DVLQ�DQG�HOVHZKHUH�WKURXJKRXW�WKH

8�6��RLO�DQG�JDV�LQGXVWU\���
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7KLV�LV�WKH�VHYHQWK�TXDUWHUO\�SURJUHVV�UHSRUW�RQ�WKH�SURMHFW���5HVXOWV�REWDLQHG�WR�GDWH

DUH�VXPPDUL]HG�
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*HRORJLFDO��HQJLQHHULQJ��JHRSK\VLFDO��DQG�VLPXODWLRQ�WHDPV�FRQWLQXH�FRPSLOLQJ�DQG

DQDO\]LQJ� GDWD�� 'DWD� KDV� EHHQ� HQWHUHG� LQWR� D� JHRORJLFDO� PRGHO�� DQG� LQLWLDO� UHVHUYRLU

VLPXODWLRQ�UXQV�KDYH�EHHQ�SHUIRUPHG��7KH���'�VHLVPLF�GDWD�KDV�EHHQ�LQWHUSUHWHG��DQG�DUHDV

KDYH�EHHQ�LGHQWLILHG�IRU�WDUJHWHG�GULOOLQJ��7KH�ILUVW�ZHOO�EDVHG�RQ�WKH�VHLVPLF�GDWD�ZDV�GULOOHG

LQ�0DUFK������
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&RPPXQLFDWLRQ�DQG�FRRUGLQDWLRQ�EHWZHHQ� WKH� WHDP�PHPEHUV� ORFDWHG� LQ�GLYHUVH

JHRJUDSKLF�DUHDV�UHTXLUHV�WKH�XVH�RI�VWDWH�RI�WKH�DUW�FRPPXQLFDWLRQ�V\VWHPV��7KHUHIRUH��WR

PHHW�RXU�UHSRUWLQJ�UHTXLUHPHQWV��ZH�XVH�D�FRPELQDWLRQ�RI�(�PDLO��WKH�,QWHUQHW��DQG�KLJK

FDSDFLW\�GDWD�WUDQVIHU�WR�VXFFHVVIXOO\�H[FKDQJH�GDWD�DQG�FRQFOXVLRQV�DPRQJ�WKH�JURXSV�

*HRORJ\

,Q�RUGHU�WR�EHQHILW�IURP�WKH�UHVHUYRLU�FKDUDFWHUL]DWLRQ����'�VHLVPLF�DQG�UHVHUYRLU

VLPXODWLRQ� LQIRUPDWLRQ�� WKH� JHRORJ\� RI� WKH� 1DVK� 'UDZ� 3RRO� �1'3�� VKRXOG� ILW� LQWR� DQ

DFFHSWHG�JHRORJLFDO�PRGHO��2QFH�WKH�SURMHFW�LV�VHW�ZLWKLQ�WKH�FRQILQHV�RI�WKH�PRGHO��WKH�GDWD

JOHDQHG�IURP�WKLV�SURMHFW�PD\�WKHQ�EH�DSSOLHG�WR�RWKHU�ILHOGV�LQ�D�VLPLODU�JHRORJLFDO�VHWWLQJ

LQ�WKLV�DQG�RWKHU�EDVLQV��

:H�KDYH�HVWDEOLVKHG�WKDW�HDFK�RI�WKH�UHVHUYRLUV�LQ�WKH�VWXG\�LV�DFWXDOO\�D�VHULHV�RI

VWDFNHG�PLFUR�UHVHUYRLUV�IRUPLQJ�DQ�DPDOJDPDWHG�FRPSRVLWH�UHVHUYRLU��7KH�¦/§�VDQG�DSSHDUV

WR� KDYH� D� ¦SULPDU\§� GHSRVLWLRQDO� DUHD� DQG� D� IULQJLQJ� ¦VHFRQGDU\§� GHSRVLWLRQDO� DUHD� DV

H[KLELWHG�E\�WKH�VHLVPLF�UHVXOWV��7KH�VHFRQGDU\�GHSRVLWLRQDO�FRPSRVLWHV�DUH�PRUH�GLVMRLQWHG

DQG�LVRODWHG��IRUPLQJ�DQ�DSURQ�LQ�IURQW�RI�WKH�SULPDU\�DUHD��:KLOH�WKH�RULJLQDO�VXEVXUIDFH

PDSSLQJ�LQWHUSUHWDWLRQV�VXJJHVWHG�D�VWULFWHU��PRUH�OLQHDU�FKDQQHO�PRUSKRORJ\��WKH�JHRORJLFDO

PRGHO�GHULYHG�IURP�WKH���'�VHLVPLF�GDWD�YROXPH�VXJJHVWV�D�OHVV�OLQHDU�PRUSKRORJ\��7KH

UHVHUYRLU�VDQG�GLVWULEXWLRQ��DV�D��IXQFWLRQ�RI�WKH�FRPSRVLWH�SRURVLW\�RI�WKH�WKLQ�EHG�WXUELGLWH

UHVHUYRLUV��KDV�D�OREDWH�PRUSKRORJ\�WKDW�WUHQGV�LQ�D�QRUWK���VRXWK�GLUHFWLRQ��7KLV�PRUSKRORJ\

LV�FOHDUO\�VHHQ�LQ�¦/§�VDQG�UHIOHFWLRQ�DPSOLWXGH�SORW��7KH�1'3�LV�ZLWKLQ�WKH�PLG��WR�GLVWDO

SRUWLRQ�RI�WKH�OREH���

7KH�VDQGV�DUH�SDUW�RI�D��ORZVWDQG�V\VWHPV�WUDFW��7KH\�DUH�SUREDEO\�RI�HROLDQ�RULJLQ

DQG�ZHUH�WUDQVSRUWHG�EDVLQ�ZDUG�WKURXJK�VKHOI�E\�SDVV�V\VWHPV��7KH\�PD\�ILW� LQWR�ZKDW

ZRXOG�EH�D�PLG�VORSH�WXUELGLWH�VHTXHQFH�RI�VKLQJOHG�WXUELGLWHV��SDUW�RI�D�SURJUDGLQJ�FRPSOH[

LQ�9DLO©V�VFKHPH��6KLQJOHG�WXUELGLWHV�DUH�FRPSULVHG�RI�DPDOJDPDWHG�VDQGV�WKDW�DSSHDU�WR�EH

FRQWLQXRXV�� 7KH� VDQGV� VHHP� WR� ILW� WKH� VHLVPLF� FULWHULD� DV� ZHOO�� 7KH� LQWHUQDO� VHLVPLF

DUFKLWHFWXUH�LV�GLVFRQWLQXRXV�DQG�FKDRWLF��ZLWKLQ�ORFDOL]HG�VHTXHQFH�ERXQGDULHV��7KH�VHLVPLF

H[SUHVVLRQ�LV�DQ�RYHUDOO�WDEXODU�XQLW�ZLWK�VXESDUDOOHO�WR�EDVLQDO�WKLQQLQJ�UHIOHFWLRQV�

�

7KH� XQLW� H[WHQGV� DFURVV� WKH� ��'� YROXPH� LQGLFDWLQJ� D� ZLGHVSUHDG� VKHHW� RI

DPDOJDPDWHG�WXUELGLWHV��)URP�ORJ�WR�ORJ��WKH�¦/§�VDQG�DSSHDUV�WR�EH�FRQWLQXRXV�WKURXJKRXW

WKH�XQLW�DV�ZHOO��7KLV�LV�D�SUHOLPLQDU\�LQWHUSUHWDWLRQ�RI�D�JHRORJLFDO�PRGHO�IRU�WKH�1'3��

)XUWKHU�VWXG\�RI�WKH�1'3�:HOO�����FRUH�DQG�FDVH�VWXGLHV�LQ�WKH�OLWHUDWXUH�ZLOO�EH

XQGHUWDNHQ�WR�PRUH�FOHDUO\�GHILQH�WKH�JHRORJLF�PRGHO�WKDW�EHVW�ILWV�WKH�EDVDO�%UXVK\�&DQ\RQ

VDQGV�LQ�WKH�1'3��+LJK�UHVROXWLRQ�VHTXHQFH�VWUDWLJUDSKLF�DQDO\VLV�IURP�WKH�ZHOO�ORJV�ZLOO�EH

LQFRUSRUDWHG�DQG�LQWHJUDWHG�ZLWK�WKH�VHLVPLF�GDWD�DV�ZHOO��
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(QJLQHHULQJ

7KH�1'3�:HOO�����ZDV�GULOOHG�DV�D�GDWD�ZHOO� WR�FRQILUP�D�VHLVPLF�DQRPDO\�E\

WDUJHWHG�GULOOLQJ��7KH�ZHOO�UHVXOWHG�LQ�DQ�¦/§�=RQH�ZLWK�����P�������IHHW��RI�QHW�SD\��13�

ZLWK�D�ZHLJKWHG�DYHUDJH�SRURVLW\�RI��������IRU�D�WRWDO�RI������3RURVLW\�0HWHUV������3RURVLW\�

)HHW��3)���7KH�H[SHFWHG�YDOXHV�IURP�WKH�VHLVPLF�DPSOLWXGH�FDOFXODWLRQV�LQGLFDWHG�D�ZHOO�ZLWK

�����3RURVLW\�0HWHUV������3)��DQG�����PHWHUV�13�������IW�13���7KH�SUHGLFWHG�YDOXHV�YDULHG

E\�DSSUR[LPDWHO\�����IURP�WKH�DFWXDO�YDOXHV�VHHQ�LQ�WKH�ZHOO��)XUWKHU�LQYHVWLJDWLRQ�UHYHDOHG

WKH� ORFDWLRQ� RI� WKH� ZHOO� ZDV� DSSUR[LPDWHO\� WZR� WR� WKUHH� ELQV� QRUWKHDVW� RI� WKH� DUHD� RI

PD[LPXP�DPSOLWXGH��1HJDWLYH�DPSOLWXGHV�DVVRFLDWHG�ZLWK�WKH�ELQ�ZKHUH�WKH�1'3�:HOO����

ZDV�GULOOHG�KDV�D�YDOXH�RI�����DQG�WKH�PD[LPXP�DPSOLWXGH�DVVRFLDWHG�ZLWK�WKH�VDQG�SRG�LV

����WR�����

&RPSOHWLRQ�RI�WKH�1'3�:HOO�����EHJDQ�LQ�0D\�������/RJ�DQDO\VLV�LQGLFDWHG�WKH��/�

]RQH��FRQWDLQHG�PRVW�RI�WKH�RLO�SURGXFWLYH�]RQHV�LQ�WKH�%UXVK\�&DQ\RQ�LQWHUYDO��7KHUHIRUH�

RQO\�WKH��/��]RQH�ZDV�VHOHFWLYHO\�SHUIRUDWHG�IURP�������P�WR�������P��������IW�WR�������IW�

ZLWK�WZHQW\�WKUHH�����������FP���������GLDPHWHU�SHUIRUDWLRQV��7KH�SHUIRUDWLRQV�ZHUH�DFLGL]HG

ZLWK��������1()(�K\GURFKORULF�DFLG�ZLWK�ILIW\�������UXEEHU�FRDWHG�Q\ORQ�EDOO�VHDOHUV��7KH

SHUIRUDWLRQV�ZHUH��EDOOHG�RXW��WR�HQVXUH�DOO�SHUIRUDWLRQV�ZHUH�RSHQ�DQG�WDNLQJ�IOXLG��5HVXOWV

DIWHU�WKH�DFLG�WUHDWPHQW�LQGLFDWHG�JRRG�IOXLG�HQWU\�ZLWK�D�����RLO�FXW�DQG�D�JRRG�VKRZ�RI�JDV�

7R�IDFLOLWDWH�WKH�GHVLJQ�RI�WKH�IUDFWXULQJ�WUHDWPHQW��D�'LJLWDO�$UUD\�6RQLF�/RJ�ZDV�UXQ�

DQG�D�)UDF�/RJ�ZLWK�PHFKDQLFDO� URFN�SURSHUWLHV�ZDV�GHULYHG��5RFN�SURSHUWLHV� LQFOXGHG

<RXQJ
V�0RGXOXV��3RLVVRQ
V�5DWLR��DQG�IUDF�JUDGLHQW��$�IUDF�SUHVVXUH�ZDV�FDOFXODWHG�IRU�HDFK

KDOI�IRRW�LQWHUYDO�DQG�SORWWHG�DJDLQVW�GHSWK��DV�VKRZQ�LQ�)LJXUH����%DUULHUV�ZHUH�LQGLFDWHG�DW

WKH�VKDOH�OLPH�VHTXHQFH�RQ�WRS�RI�WKH�%RQH�6SULQJ�DW�������P��������IW��DQG�LQ�WKH�XSSHU��.�

]RQH�DW�������P�RU�������P��������IW�RU�������IW���7KLV�LQGLFDWHG�D�JURVV�IUDF�KHLJKW�RI����P

WR����P������IHHW�WR�����IHHW���

7KH�IUDFWXUH�VWLPXODWLRQ�WUHDWPHQW�ZDV�GHVLJQHG�IRU����P��������IHHW��RI��KHLJKW�DQG

����P��������IHHW��RI�SURSSHG�IUDFWXUH�KDOI�OHQJWK��,I�WKH�KHLJKW�ZDV�RQO\����P������IHHW��

WKH�OHQJWK�ZRXOG�EH�DSSUR[LPDWHO\�����P������IHHW���7KH�]RQH�ZDV�IUDFWXUHG�ZLWK�����P�

��������JDOORQV��RI�����NJ�P �����OE�������JDOV���FURVVOLQNHG�JHOOHG�ZDWHU�FDUU\LQJ��������

NJ����������OEV��������VDQG�DW�DQ�DYHUDJH�UDWH�RI�������P �V�����%30���

$�WHPSHUDWXUH�ORJ�ZDV�UXQ�DW�WKUHH��IRXU���DQG�VL[�KRXUV�DIWHU�WKH�IUDFWXULQJ�WUHDWPHQW

WR� GHWHUPLQH� IOXLG� HQWU\�� 7KH� WHPSHUDWXUH� ORJ� LQGLFDWHG� WKH� PDMRULW\� RI� WKH� IUDFWXULQJ

WUHDWPHQW� ZDV� FRQWDLQHG� IURP� ������P� WR� ������P� ������� IW� WR� ������ IW��� 7KHUH� LV� DQ

LQGLFDWLRQ�RI�JUHDWHU�FRROLQJ�DQG�WKDW�ODUJHU�YROXPHV�RI�IOXLG�HQWHUHG�IURP�������P�WR������

P�������IW� WR������IW��DQG�������P�WR��������������IW�WR�������IW���7KH�WHPSHUDWXUH�ORJ

FRQILUPHG� WKDW� WKH� ORZHU� �.��� �.���DQG� �/�� ]RQHV� ZHUH� VWLPXODWHG� E\� WKH� IUDFWXULQJ

WUHDWPHQW��

/RJ� DQDO\VLV� RI� WKLV� LQWHUYDO�� ZLWK� FRUH�FDOLEUDWHG� FDOFXODWLRQV� XVLQJ� �/�� ]RQH

SRURVLW\�SHUPHDELOLW\�UHODWLRQVKLSV�IRU�WKH�RLO�SURGXFWLYH�]RQHV�DQG��.����]RQH�SRURVLW\�
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SHUPHDELOLW\�UHODWLRQVKLSV�IRU�WKH�ZDWHU�SURGXFWLYH�]RQHV��LQGLFDWHV�WKH�ZHOO�VKRXOG�SURGXFH

�����P �GD\�RLO� �����%23'�� DQG�����P �GD\�ZDWHU� �������%:3'���$IWHU� FOHDQXS� DQG� � � � � � � �

VWDELOL]DWLRQ�WKH�ZHOO�DYHUDJHG������P �GD\�������%23'��DQG������P �GD\������%:3'��IURP� � � � � � �

-XQH���WK�WKURXJK�-XQH���WK��$�IOXLG�OHYHO�REWDLQHG�RQ�-XQH���WK�LQGLFDWHG�D�IOXLG�OHYHO�DW

����P��������IW��IURP�WKH�VXUIDFH��ZKLFK�LQGLFDWHV�WKHUH�LV�������P��������IHHW��RI�JDV�FXW

IOXLG�DERYH�WKH�SHUIRUDWLRQV��7KLV�KLJK�IOXLG�OHYHO�LQGLFDWHV�WKDW�KLJKHU�SURGXFWLRQ�UDWHV�DUH

SRVVLEOH�LI�VXIILFLHQW�OLIW�HTXLSPHQW�ZHUH�DYDLODEOH�WR�SURGXFH�WKH�DYDLODEOH�IOXLG��7KH�DFWXDO

RLO�FXW�RI�������LV�FORVH�WR�WKH�SUHGLFWHG�RLO�FXW�RI��������

����

$�VL]H�����SXPSLQJ�XQLW�LQVWDOODWLRQ�LV�EHLQJ�GHVLJQHG�WR�PRYH�LQ�H[FHVV�RI�����

P �GD\������EDUUHOV�RI��IOXLG�SHU�GD\����7KH�LQVWDOODWLRQ�RI�WKLV�ODUJHU�XQLW�ZLOO�RFFXU�GXULQJ�

WKH�ILUVW�SDUW�RI�$XJXVW�������5HGXFWLRQ�RI�WKH�IOXLG�OHYHO�DQG�DGGLWLRQDO�WHVWLQJ�ZLOO�EH

UHTXLUHG�WR�IXOO\�HYDOXDWH�WKLV�ZHOO��

7KH�DSSOLFDWLRQ�RI�WKH�&RUH�&DOLEUDWHG�$GYDQFHG�/RJ�$QDO\VLV�7RRO��$/$��WR�WZR

RWKHU�'HODZDUH�ZHOOV�LQ�VRXWKHDVW�1HZ�0H[LFR�ZDV�SHUIRUPHG�ZLWK�JRRG�UHVXOWV��7KH�ILUVW

DSSOLFDWLRQ�ZDV�D�VWDQGDUG�DQDO\VLV�VLPLODU�WR�WKH�1'3��7KH�VHFRQG�DSSOLFDWLRQ�LQ�D�QHZ�URFN

W\SH�UHTXLUHG�D�PDMRU�FRUUHFWLRQ�LQ�ORJ�YDOXHV�������WR�DFFXUDWHO\�SUHGLFW�SD\�LQWHUYDOV��7KH

ZHOOV�KDYH�EHHQ�FRPSOHWHG��DQG�RQH�ZHOO�DJUHHG�FORVHO\�ZLWK�SUHGLFWLRQV�ZKLOH�WKH�RWKHU�ZHOO

KDV�KLJKHU�ZDWHU�FXWV�WKDQ�SUHGLFWHG��7KH�KLJKHU�ZDWHU�FXWV�DUH�EHOLHYHG�WR�EH�WKH�UHVXOW�RI

GRZQ�GLS�ZDWHU�DQG�SRVVLEOH�VFDOLQJ�LQ�WKH�RLO�SURGXFWLYH�]RQHV��$�UHPHGLDO�WUHDWPHQW�LV

EHLQJ�SODQQHG�IRU�WKLV�ZHOO�

$�GLUHFWLRQDO�KRUL]RQWDO�ZHOO�LV�EHLQJ�GHVLJQHG�WR�GULOO�D�VHLVPLF�DPSOLWXGH�DQRPDO\

XQGHU�D�SOD\D�ODNH�LQ�WKH�ZHVWHUQ�SDUW�RI�6HFWLRQ�����'XH�WR�WKH�FORVH�SUR[LPLW\�WR�WKH�SOD\D

ODNH��WKH�%/0�KDV�UHTXHVWHG�WKH�VXUIDFH�ORFDWLRQ�EH�PRYHG�WR�����P��������IW��)6/�DQG����

P��������IW��):/�RI�6HFWLRQ����7KH�UHYLVHG�SODQ�LV�WR�GHYLDWH�WKH�ZHOO�����P������IW��DQG

WKHQ� GULOO� D� ����P� ������� IW�� KRUL]RQWDO� VHFWLRQ� WKURXJK� WKH� ¦/§� ]RQH��7KH� ERWWRPKROH

ORFDWLRQ�ZLOO�EH�����P��������IW��ZHVW�QRUWKZHVW�RI�WKH�VXUIDFH�ORFDWLRQ�DW�����P��������IW�

)6/�DQG�����P��������IW��):/�RI�6HFWLRQ�����7��6�5��(��7KLV�ZLOO�EH�WKH�ILUVW�ZHOO�WR�WHVW

WDUJHWHG�GHYLDWHG�KRUL]RQWDO�GULOOLQJ�WR�GHYHORS�UHVHUYHV�XQGHU�WKH�SOD\D�ODNHV�DQG�XQGHU�WKH

SRWDVK�DUHD��7KH�ZHOO�VFKHPDWLF�LV�SUHVHQWHG�LQ�)LJXUH���

3UHOLPLQDU\�FRVW�HVWLPDWHV�LQGLFDWH�WKH�GULOOLQJ�FRVW�ZLOO�LQFUHDVH�E\�DSSUR[LPDWHO\

���������DQG�FRPSOHWLRQ�FRVW�ZLOO�LQFUHDVH�E\�����������7KH�WRWDO�FRVW�RI�D�GLUHFWLRQDO�

KRUL]RQWDO�ZHOO�LV�HVWLPDWHG�WR�EH�����������(FRQRPLF�DQG�IHDVLELOLW\�VWXGLHV�ZLOO�FRQWLQXH

WR�GHWHUPLQH�WKH�YLDELOLW\�RI�GLUHFWLRQDO�KRUL]RQWDO�GULOOLQJ��DW�WKH�1'3�

5HVHUYRLU�&KDUDFWHUL]DWLRQ�5HVHUYRLU�6LPXODWLRQ

$FWLYLWLHV�RI�WKH�5HVHUYRLU�&KDUDFWHUL]DWLRQ�6LPXODWLRQ�7HDP�IRU�WKH�VHFRQG�TXDUWHU�RI�����

ZHUH�IRFXVHG�RQ�������WKH�UH�YDOLGDWLRQ�RI�D�VLPXODWLRQ�PRGHO�IRU�WKH�SURSRVHG�SLORW�DUHD

FHQWHUHG�DURXQG�1'3�:HOO����WR�DFFRXQW�IRU�DQ�DGGLWLRQDO�VL[�PRQWKV�RI�SURGXFWLRQ�KLVWRU\
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DQG�WR�UHIOHFW�D�KLJKHU���������UHFRYHU\�IDFWRU��DQG�����DQ�LQYHVWLJDWLRQ�RI�WKH�SUREDEOH

LPSDFW�RI�WKH�HDUO\�LPSOHPHQWDWLRQ�RI�SUHVVXUH�PDLQWHQDQFH�RSWLRQV�RQ�RLO�UHFRYHU\��

$V� GLVFXVVHG� LQ� WKH� ODVW� TXDUWHUO\� UHSRUW�� RXU� FULWHULD� IRU� D� ¦JRRG§�PDWFK� RI� KLVWRULFDO

SHUIRUPDQFH�DUH�UHDVRQDEOH�DJUHHPHQWV�EHWZHHQ�VLPXODWHG�YDOXHV�DQG�DFWXDO�YDOXHV�RI�WKH

IROORZLQJ�

&�GUDLQDJH�DUHD�DYHUDJH�SUHVVXUH�IRU�HDFK�ZHOO��DV�RSSRVHG�WR�%+3�

&�RLO�SURGXFWLRQ�E\�ZHOO

&�ZDWHU�SURGXFWLRQ�E\�ZHOO

&�JDV�SURGXFWLRQ�E\�ZHOO

2LO�SURGXFWLRQ�E\�ZHOO�ZDV�XVHG�DV�WKH�GULYLQJ�IXQFWLRQ�IRU�WKH�VLPXODWLRQV��&RQVHTXHQWO\�

LW�ZRXOG�EH�H[SHFWHG�WKDW�RLO�UDWHV�ZRXOG�EH�KRQRUHG�H[DFWO\�E\�WKH�VLPXODWLRQV��+RZHYHU�

DOO� ILYH� RI� WKH�1DVK�'UDZ�ZHOOV� LQ� WKH� SLORW� DUHD� UHDFK� SXPSLQJ� FRQGLWLRQV� GXULQJ� WKH

YDOLGDWLRQ� VWHS��:KHQ� D� VLPXODWHG�ZHOO� UHDFKHV� SXPSLQJ� FRQGLWLRQV�� WKH� RLO� UDWH� LV� QRW

QHFHVVDULO\�KRQRUHG�E\�WKH�VLPXODWRU��DQG�WKH�RLO�UDWH�LWVHOI�EHFRPHV�D�KLVWRU\�PDWFKLQJ

SDUDPHWHU���,Q�WKLV�FDVH�WKH�ERWWRPKROH�SUHVVXUH�EHFRPHV�WKH�GULYLQJ�IXQFWLRQ�

6LPXODWHG�SUHVVXUH�UHVSRQVHV�IRU�WKH�ILYH�SLORW�ZHOOV�GXULQJ�WKH�SHULRG�HQGLQJ�RQ�0DUFK���

�����DUH�SORWWHG�LQ�)LJXUH����7KHVH�UHSUHVHQW�WKH�EHVW�UHVXOWV�REWDLQHG�WR�GDWH��7KH\�UHIOHFW

GUDLQDJH�DUHD�YROXPHV�WKDW�DUH�ZLWKLQ�����RI�WKH�RULJLQDO�RLO�YROXPHV�ZKLFK�FRUUHVSRQG�WR

WKH�������UHFRYHU\�FDVH��7KH�RLO�UDWHV�IRU�HDFK�RI�WKH�ZHOOV�LQ�WKH�SLORW�DUHD�DUH�GLVSOD\HG�LQ

)LJXUH� ��� $V� WKH� ERWWRPKROH� SUHVVXUH� GHFOLQHV� WR� SXPSLQJ� FRQGLWLRQV�� VLPXODWHG� ZHOO

SURGXFWLRQ�GHYLDWHV�VOLJKWO\�IURP�ILHOG�PHDVXUHG�YDOXHV��)LJXUH���H[KLELWV�WKH�VLPXODWHG�DQG

REVHUYHG�JDV�SURGXFWLRQ�UDWHV��$GMXVWPHQWV�ZHUH�PDGH�WR�WKH�JDV�RLO�UHODWLYH�SHUPHDELOLW\

GDWD�IRU�WKLV�FDVH��1R�DFWXDO�JDV�RLO�UHODWLYH�SHUPHDELOLW\�PHDVXUHPHQWV�IURP�WKH�ODERUDWRU\

ZHUH�DYDLODEOH��

$OWKRXJK�UHVXOWV�DUH�VWLOO�SUHOLPLQDU\��LW�DSSHDUV�WKDW�HDUO\�FRQYHUVLRQ�RI�1'3�:HOO����IURP

D�SURGXFHU�WR�D�JDV�LQMHFWRU��ZRXOG�GRXEOH�WKH�RLO�UHFRYHU\�GXULQJ�WKH�ILUVW�IHZ�\HDUV�RI

SURGXFWLRQ�IURP�WKH�HQWLUH�ILYH�VSRW�SDWWHUQ��)RU�H[DPSOH��LI�1'3�:HOO����ZDV�FRQYHUWHG�WR

JDV�LQMHFWLRQ�DIWHU�WKH�ILUVW�\HDU�RI�SURGXFWLRQ��WKH�DYHUDJH�SUHVVXUH�LQ�WKH�HQWLUH�¦OREH§�ZRXOG

QRW�GHFOLQH�EHORZ�����������N3D�������SVL���DQG�WKH�SURGXFLQJ�*25�ZRXOG�UHPDLQ�EHORZ

�����PVFI�67%�WKURXJK�0DUFK��������7KH�RLO�UDWHV�IRU�WKH�UHPDLQLQJ�SURGXFHUV�ZRXOG�KDYH

EHHQ�LQ�WKH�UDQJH�RI������P �GD\�����67%�G��IRU�DW�OHDVW�D�\HDU�DIWHU�WKH�RQVHW�RI�JDV�LQMHFWLRQ��

7KH�SULQFLSDO�LPSOLFDWLRQ�RI�WKLV�UHVXOW�LV�WKDW�SUHVVXUH�PDLQWHQDQFH�VKRXOG�VWDUW�YHU\�HDUO\

DIWHU�WKH�RQVHW�RI�SURGXFWLRQ�LQ�DQ\�QHZ�SDWWHUQ�LQ�WKH�1'3�����

7(&+12/2*<��75$16)(5

7UDQVIHUULQJ�WHFKQLFDO�LQIRUPDWLRQ�JHQHUDWHG�GXULQJ�WKH�FRXUVH�RI�WKLV�SURMHFW�LV�D

SULPH�REMHFWLYH�RI� WKH�SURMHFW��7RZDUG� WKLV�REMHFWLYH��6WUDWD�KDV�SDUWLFLSDWHG� LQ� VHYHUDO



�

PHHWLQJV�DQG�ZRUNVKRSV�WR�SURPRWH�WKH�GLVVHPLQDWLRQ�RI�LQIRUPDWLRQ�JHQHUDWHG�GXULQJ�WKLV

TXDUWHU��$�VXPPDU\�RI�WKHVH�DFWLYLWLHV�LV�RXWOLQHG�

,QIRUPDO�'2(�0HHWLQJ���,Q�$SULO�������VHYHUDO�PHPEHUV�RI�WKH�1DVK�'UDZ�WHDP�GLVFXVVHG

UHVXOWV� REWDLQHG� LQ� WKH�1'3� SURMHFW�ZLWK�%32� ILHOG� RIILFH� SHUVRQQHO� GXULQJ� D� KDOI�GD\

PHHWLQJ�LQ�%DUWOHVYLOOH��2NODKRPD��

'2(�2LO�7HFKQRORJ\�3URMHFW�5HYLHZ���,Q�-XQH�������UHVXOWV�REWDLQHG�LQ�WKH�1'3�&ODVV�,,,

SURMHFW�ZHUH�SUHVHQWHG�DW�WKH�'2(�2LO�7HFKQRORJ\�3URMHFW�5HYLHZ�0HHWLQJ�LQ�+RXVWRQ�

7H[DV������

63(�3DSHU�$FFHSWHG���$�SDSHU�WLWOHG�¦5HVHUYRLU�&KDUDFWHUL]DWLRQ�DV�D�5LVN�5HGXFWLRQ�7RRO

DW�WKH�1DVK�'UDZ�3RRO§��ZLOO�EH�SUHVHQWHG�DW�WKH�63(�$QQXDO�7HFKQLFDO�&RQIHUHQFH�DQG

([KLELWLRQ�WR�EH�KHOG�LQ�6DQ�$QWRQLR��7H[DV�LQ�2FWREHU�������

,($�3DSHU�$FFHSWHG���$�SDSHU�HQWLWOHG�¦2SWLPL]LQJ�2LO�5HFRYHU\�IURP�D�&RPSOH[��/RZ

3HUPHDELOLW\� 7XUELGLWH� 5HVHUYRLU§� LV� EHLQJ� SUHSDUHG� IRU� SUHVHQWDWLRQ� DW� WKH� ����� ��WK

,QWHUQDWLRQDO�(QHUJ\�$JHQF\�:RUNVKRS�DQG�6\PSRVLXP�RQ�(QKDQFHG�2LO�5HFRYHU\�WR�EH

KHOG�LQ�&RSHQKDJHQ��'HQPDUN�LQ�6HSWHPEHU�������

*HRSK\VLFV�3DSHUV�6XEPLWWHG���7ZR�SDSHUV�KDYH�EHHQ�VXEPLWWHG�WR�*HRSK\VLFV�IRU�SHHU

UHYLHZ�DQG�SXEOLFDWLRQ��7KH�SDSHU�WLWOHV�DUH�¦��'�6HLVPLF�,PDJLQJ�DQG�,QWHUSUHWDWLRQ�RI

%UXVK\� &DQ\RQ� 7KLQ�%HG� 7XUELGLWH� 5HVHUYRLUV�� 1RUWKZHVW� 'HODZDUH� %DVLQ§� DQG� ¦��'

6HLVPLF� ,PDJLQJ� RI� 5HVHUYRLU� &RPSDUWPHQW� %RXQGDULHV� $FURVV� DQ� $UHD� RI� &RPSOH[

7XUELGLWH�'HSRVLWLRQ§�

:RUNVKRS���%'0�2NODKRPD�DQG�WKH�'HSDUWPHQW�RI��(QHUJ\�ZLOO�KROG�D�ZRUNVKRS�WLWOHG

�$GYDQFHG�$SSOLFDWLRQV�RI�:LUHOLQH�/RJJLQJ�IRU�,PSURYHG�5HFRYHU\��LQ�6HSWHPEHU������

6WUDWD
V�SURMHFW�KDV�EHHQ�LQYLWHG�WR�EH�D�SDUWLFLSDQW�LQ�WKH�ZRUNVKRS��

:RUNVKRS� �� $� ZRUNVKRS� LV� SODQQHG� IRU� 6HSWHPEHU� LQ� FRQMXQFWLRQ� ZLWK� D� UHVHUYRLU

FKDUDFWHUL]DWLRQ�V\PSRVLXP�FRRUGLQDWHG�E\�WKH�355&�DW�1HZ�0H[LFR�7HFK��7KH�SURJUDP

ZLOO�EH�JLYHQ�LQ�+REEV��1HZ�0H[LFR��7KLV�ZLOO�IXOILOO�D�SRUWLRQ�RI�WKH�WHFKQRORJ\�WUDQVIHU

UHTXLUHPHQWV� IRU� WKH� 1DVK� 'UDZ� 3URMHFW�� 7LPH� KDV� EHHQ� VSHQW� LQ� SUHSDUDWLRQ� IRU� WKH

JHRORJLFDO�SRUWLRQ�RI�WKH�SUHVHQWDWLRQ�DQG�WKH�ZRUNVKRS��7KH�GHYHORSPHQW�RI�WKH�JHRORJLFDO

LQWHUSUHWDWLRQ��LQWHJUDWLRQ�RI�WKH�VHLVPLF�DQG�UHVHUYRLU�GDWD��DQG�D�GLVFXVVLRQ�RI�WKH�UHVHUYRLU

SHWURJUDSK\�DQG�FRPSRVLWLRQ�DV�LW�UHODWHV�WR�ORJ�DQDO\VLV�DQG�UHVHUYRLU�SURGXFWLYLW\�ZLOO�EH

FRYHUHG��7KH�IXOO�FRUH�IURP�1'3�:HOO�����ZLOO�DOVR�EH�LQFOXGHG�LQ�WKH�SUHVHQWDWLRQ�DQG

ZRUNVKRS�

,QWHUQHW�+RPHSDJH��2QH�RI� WKH�SHUWLQHQW� WHFKQRORJ\� WUDQVIHU�REMHFWLYHV�ZDV� WKH� UDSLG

GLVVHPLQDWLRQ�RI�WKH�WHFKQRORJ\�WKDW�KDG�D�GLUHFW�LQIOXHQFH�RQ�WKH�FKDUDFWHUL]DWLRQ�RI�WKH

1'3���7RZDUGV�WKLV�REMHFWLYH��WKH�1HZ�0H[LFR�3HWUROHXP�5HFRYHU\�5HVHDUFK�&HQWHU�FUHDWHG

DQ�,QWHUQHW�:HESDJH�VSHFLILFDOO\�GHGLFDWHG�WR�WKH�1DVK�'UDZ�SURMHFW�ZKLFK�FDQ�EH�DFFHVVHG

DW�WKH�85/��DGGUHVV��KWWS���EDHUYDQ�QPW�HGX�SUUF�UHVGLY�UHDFW�UHDFWQHZ�KWPO��7KLV�DGGUHVV
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DFFHVVHV�WKH�5($&7��5HVHUYRLU�(YDOXDWLRQ�DQG�$GYDQFHG�&RPSXWDWLRQDO�7HFKQRORJLHV�

KRPHSDJH��%\�FOLFNLQJ�RQ��5($&7�352-(&76�VHFWLRQ��WKH�1$6+�'5$:�SURMHFW�PD\�EH

DFFHVVHG�

7KH�FXUUHQW�VLWH�LV�EHLQJ�PRGLILHG�WR�LQFOXGH�WKH�SUHYLRXV�UHSRUWV�DQG�WKH�PRVW�UHFHQW�DQQXDO

UHSRUW��7KH�DQQXDO� UHSRUW�ZLOO� EH� LQFOXGHG�DV� D�GRZQORDGDEOH�GRFXPHQW� IURP� WKH�1'3

,QWHUQHW�VLWH�DYDLODEOH�DW�85/�JLYHQ�DERYH�
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)LJ������%HIRUH�DQG�DIWHU�IUDF�ORJ�



��

)LJ������'HYLDWHG�KRUL]RQWDO�ZHOO�



Nash #1

Nash #5

Nash #6

Nash #10

Nash #14
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)LJ������6LPXODWHG�SUHVVXUH�UHVSRQVHV�IRU�WKH�ILYH�SLORW�ZHOOV�



Nash #1

Nash #5

Nash #6

Nash #10

Nash #14

��

)LJXUH����2LO�UDWHV�IRU�WKH�ILYH�SLORW�ZHOOV�



Nash #1

Nash #5

Nash #6

Nash #10

Nash #14

��

)LJ�����6LPXODWHG�DQG�REVHUYHG�JDV�SURGXFWLRQ�UDWHV�IRU�WKH�ILYH�SLORW�ZHOOV�


